Background The use of laparoscopic gastrectomy for the treatment of gastric cancer has been increasing. Roux-en-Y (R-Y) reconstruction after laparoscopy-assisted distal gastrectomy is now widely used to decrease leakage and prevent reflux. Owing to the need for a less invasive technique, we have developed a new technique for intracorporeal R-Y reconstruction (b reconstruction) after totally laparoscopic distal gastrectomy (TLDG). Methods In this report, we describe the b reconstruction technique and short-term outcomes of the initial 105 patients who underwent b reconstruction from December 2008 to March 2012. Results The operative and b reconstruction times were 330 ± 61.3 and 29 ± 5.6 min (mean ± SD), respectively. Anastomotic leakage after gastrojejunostomy occurred in one patient (0.9 %), requiring reoperation. Four cases (3.8 %) of anastomotic stenosis required endoscopic balloon dilation. However, R-Y stasis was not noted.
Introduction
Gastric cancer remains one of the most common forms of cancer worldwide, with an estimated 989,600 new cases and 738,000 deaths per year in 2008, making it the second highest cause of cancer-related deaths [1, 2] . Gastric cancer is more prevalent in Japan than in Western countries [2] , and early gastric cancer accounts for nearly 60 % of all cases of gastric cancer; this increased incidence can partly be attributed to Japan's nationwide mass screening programs for gastric cancer [3] . Consequently, the demand for minimally invasive treatments of early gastric cancer has been increasing and warrants the development of new therapeutic methods and modalities.
Distal gastrectomy (DG) is performed on patients with gastric cancer located in the lower two-thirds of the stomach. Since laparoscopy-assisted distal gastrectomy (LADG) for early gastric cancer was first described in 1994 [4] , it has become a common surgical option for gastric cancer in Japan [5, 6] . Subsequent reconstruction after DG is usually performed by using either Billroth I (B-I) or II (B-II) (in Japan and Korea), or Roux-en-Y (R-Y) reconstruction (the preferred option in Western countries).
Recently, owing to the decreased leakage rates and bile reflux, R-Y reconstruction has been increasingly used after DG in Japan. We have previously reported on the advantages of R-Y anastomosis in LADG [7] [8] [9] . However, patient size and therefore access for an anastomosis through an epigastric minilaparotomy (4-6 cm in size) may cause technical difficulties. Hence, to avoid this problem, we have developed a novel technique for a safer intracorporeal R-Y reconstruction, the so-called b reconstruction.
This new technique offers a wide field of view, with ample access and space to create the anastomosis. In this report, we describe the technical details of b reconstruction and short-term outcomes of the initial 105 consecutive procedures.
Methods
From December 2008 to March 2012, a total of 105 patients with histopathologically diagnosed gastric cancer underwent totally laparoscopic distal gastrectomy (TLDG) at the Department of Esophageal and Gastric Surgery, Tokyo Medical and Dental University. Age and sex were recorded for every case. Body mass index (BMI) was calculated using preoperative physical measurements. The preoperative staging performed for all the patients involved gastroendoscopy, endoscopic ultrasonography and computed tomography.
Intraoperative data included operative time, b reconstruction time, blood loss volume and extent of lymph node dissection. The extent of lymph node dissection was decided according to clinical stage (classified according to the third English edition of the Japanese classification of gastric carcinoma [10] and third version of the 2010 Japanese gastric cancer treatment guidelines [11] ). Postoperative outcomes were measured by several parameters: when clear liquids were first administered, when a soft diet was commenced and length of postoperative hospital stay. A postoperative complication was defined as any event requiring specific medical or surgical treatment. Other factors included pancreatitis, wound infection, intraabdominal bleeding, ileus and enterocolitis.
Surgical technique for b-shaped intracorporeal R-Y reconstruction
Each patient was placed in the reverse Trendelenburg position under general anesthesia. A 12-mm trocar was inserted at the umbilical incision. The remaining four ports were set up, involving two 5-mm incisions in the right and left upper quadrants, and two 12-mm incisions in the right and left lower quadrants. A Nathanson liver retractor was inserted just below the xiphoid to retract the liver.
Mobilization of the stomach and en bloc lymph node dissection were performed as described previously [7, 9] . A seromuscular suture with laparoscopic hand-sewn technique was used for the duodenal stump after excision of the duodenum.
A purple dye was used to mark the proximal end of the resection site on the anterior wall of the stomach. An endoscopic linear stapler (Echelon Flex 60 with a 60/3.8-mm gold cartridge, Ethicon, Cincinnati, OH, USA) was used to dissect the proximal side of the stomach; the dissected stomach was then externalized through the umbilical incision, which was extended to approximately 4 cm.
After reestablishing a pneumoperitoneum, a small incision was made on the greater curvature of the remnant stomach. The antimesenteric surface of the jejunum 25 cm distal to the ligament of Treitz was marked with a purple dye, at which point a small incision was made. The cartridge fork of the endoscopic linear stapler was inserted through the small incision of the jejunum, and the jejunal loop was brought up the antecolic route. An isoperistaltic gastrojejunostomy was performed, creating a side-to-side anastomosis using the Echelon Flex 60 with a 60/3.5-mm blue cartridge (Fig. 1) . A small hole was made on the jejunal mesentery to insert the stapler. The first assistant surgeon carefully held the anterior and posterior sides of the staple line of the gastrojejunostomy, ensuring that there was no overlap. The common entry hole for the gastrojejunostomy and the jejunal loop were closed together with a single Echelon Flex 60 stapler with a 60/3.5-mm blue cartridge (Fig. 2) . The closure of the entry hole and dissection of the jejunal loop were performed simultaneously by the stapler, resulting in a functional end-to-end anastomosis between the stomach and jejunum, which was completed intracorporeally. The staple lines were laparoscopically inspected for bleeding.
Finally, a jejunojejunostomy was performed extracorporeally to save time by using the 4-cm umbilical incision from which the resected stomach was removed for normal patients. However, we needed to perform the jejunojejunostomy intracorporeally in the case of severely obese patients. Closure of the side-to-side anastomosis between the jejunum (30 cm distal to the site of the gastrojejunostomy) and proximal loop of the jejunum stump was performed using Echelon Flex 60 with a 60/2.5-mm white cartridge. The common entry hole was closed with another linear stapler. The closure of the mesentery gap and Petersen's space [12, 13] , known to be vulnerable to defects resulting from R-Y reconstruction, was performed to prevent internal herniation. This completed the b-shaped intracorporeal R-Y reconstruction (Fig. 3) .
Results
From December 2008 to March 2012, we performed bshaped intracorporeal R-Y reconstruction after TLDG for gastric cancer in 105 consecutive patients (74 men and 31 women). The characteristics of the patients are shown in Table 1 . The mean patient age was 66 ± 12 years (mean ± SD), and the mean BMI was 23 ± 2.7 kg/m 2 (mean ± SD). The maximum BMI in our series was 29.5 kg/m 2 . In the present study, there was no relationship between BMI and complications. Most of the patients (74.3 %) had stage IA gastric cancer according to the pathological staging of gastric cancer. The intraoperative data and postoperative outcomes are summarized in Table 2 . The operative time was 330 ± 61.3 min (mean ± SD). The b reconstruction time was 29 ± 5.6 min (mean ± SD). The blood loss volume was 88 ± 91 ml (mean ± SD). After TLDG, on average, the patients tolerated liquids on the first day and a soft diet on the second postoperative day. The median postoperative hospital stay was 7 days.
The postoperative complications are summarized in Table 3 . Overall, anastomotic leakage after gastrojejunostomy occurred in one patient (0.9 %), requiring reoperation on the second postoperative day. Hence, laparoscopic intraperitoneal drainage and closure of the gastrojejunal leakage were performed. Four patients (3.8 %) had anastomotic stenosis, of whom three were treated using endoscopic balloon dilation and one was treated conservatively. No cases of functional stasis after R-Y reconstruction were noted in this study. An intra-abdominal abscess was noted in one patient (0.9 %), requiring image-guided drainage. There was no conversion to open surgery in any of the patients.
Discussion
LADG has become one of the standard treatment options for gastric cancer in Japan. B-I reconstruction is usually performed after LADG [14, 15] , as the gastroduodenostomy involves the creation of only a single anastomosis, thus reducing reconstruction time. Moreover, B-I reconstruction has the physiological advantage of permitting the passage of food through the duodenum [16] . However, compared to B-I reconstruction, R-Y reconstruction also has certain advantages, such as a reduction in the incidence of anastomotic leakage and prevention of remnant gastritis and bile reflux into the remnant stomach [7, 8, [17] [18] [19] [20] [21] . Hence, R-Y reconstruction after LADG has been the firstchoice reconstruction technique at our institution since March 2003.
In R-Y reconstruction after LADG, gastrojejunostomy is performed by elevating the remnant stomach and jejunal stump via epigastric minilaparotomy under direct vision. However, we noted that it is very difficult to perform a gastrojejunostomy via a minilaparotomy in severely obese patients with a thick abdominal wall, even if the small incision is extended. Park et al. [22] reported that 7 % (21/ 300) of patients experienced postoperative wound infection after LADG. In R-Y reconstruction after TLDG, the gastrojejunostomy is performed intracorporeally. Song et al. [23] reported that the bowel recovery time was shorter in TLDG than in LADG. Moreover, Kim et al. [24] reported that TLDG contributed to the improvement of early surgical outcomes, including bowel movement, pain score, overall complication rate and time until hospital discharge. Therefore, we have implemented our newly developed technique for intracorporeal R-Y reconstruction after TLDG in our institution since December 2008. We have termed this procedure as ''b-shaped intracorporeal R-Y reconstruction (b reconstruction)'' because of its similarity to the b character (Fig. 3) .
In the present study, the operating time in the 105 patients treated by TLDG?R-Y (b reconstruction) was 330 min; moreover, the morbidity-related problems among these patients included anastomotic leakage in 1/105 cases (0.9 %) and anastomotic stenosis in 4/105 cases (3.8 %). In the Japanese Phase II trial (JCOG0703) that confirmed the safety and feasibility of LADG for the treatment of clinical stage I gastric cancer, the operating time was 250 min, and anastomotic leakage and anastomotic stenosis were observed in 3/176 cases (1.7 %) and 1/176 cases (0.6 %), respectively [5] . In the JCOG0703, reconstruction was performed extracorporeally and the reconstruction method involved B-I, R-Y and gastro-gastrostomy (pylorus-preserving distal gastrectomy). In the present study, reconstruction was performed intracorporeally, and the reconstruction method involved only R-Y. Although the findings of the JCOG0703 cannot be compared with those of the present study for the above-mentioned reason, we noted that the TLDG?R-Y (b reconstruction) used in the present study has a longer operating time and lower incidence of anastomotic leakage and greater incidence of anastomotic stenosis, as compared to the technique used in the JCOG0703. In a previous study, we noted that the operating time and morbidity-related problems in patients treated with LADG?R-Y were 275 min and anastomotic stenosis in 1/68 cases (1.5 %) with no leakage, respectively [7] . The operating time of TLDG?R-Y (b reconstruction) is longer than that required for the technique used in the JCOG0703 or for LADG?R-Y. This is partly because the number of surgeons undergoing training has increased since the introduction of the b reconstruction technique; therefore, the time required for lymph node dissection was longer. The time required for b reconstruction in the TLDG?R-Y procedure is approximately 30 min, which is almost the same as that required for reconstruction after LADG. We believe that TLDG is superior to LADG as the patient size does not affect the ease of performing the gastrojejunostomy procedure. Furthermore, a greater incidence of anastomotic stenosis was noted in TLDG?R-Y (b reconstruction) than in the procedure used in the JCOG0703 or in LADG?R-Y; the four cases of anastomotic stenosis observed following TLDG?R-Y (b reconstruction) had developed during the early stages after the introduction of b reconstruction, and this complication has not been observed recently. This is partly because of improvements in the surgical procedure, including the care taken to avoid excessive compression of the jejunum as well as avoiding forced closure of the stapler while sealing the common entry hole and jejunum in order to prevent anastomotic stenosis. We believe that the incidence of anastomotic stenosis will decrease as experience with this technique is accumulated. A characteristic feature of b reconstruction is that intracorporeal suturing is not required. This is an important issue as hand-suturing is difficult and time-consuming for certain surgeons. This is also a feature of intracorporeal R-Y reconstruction with a gastrojejunal antiperistaltic anastomosis, as described by Takaori et al. [25] and Bouras et al. [26] , thus distinguishing this procedure from b reconstruction with a gastrojejunal isoperistaltic anastomosis. They stated that intracorporeally stapled R-Y reconstruction after TLDG can prevent the twisting and torsion of the jejunal loop, and we believe that these benefits also apply to intracorporeal reconstruction. However, laparoscopically assisted uncut R-Y gastrojejunostomy [27] requires intracorporeal suturing, thus distinguishing this procedure from b reconstruction.
Another characteristic feature of b reconstruction is that it facilitates the sealing of the common entry hole of gastrojejunostomy and division of the jejunum simultaneously by using one stapler; this simultaneous procedure can be successfully performed in 90 % of cases. However, in cases where a small incision that is made on the remnant stomach becomes larger and when the jejunum is excessively compressed, we believe that two staplers should be used to prevent anastomotic stenosis.
In a previous study on 68 patients treated with LADG?R-Y, no development of R-Y stasis was noted [7] . Based on the findings of that study, we decided to perform isoperistaltic R-Y reconstruction after TLDG. Uyama et al. intracorporeally performed 42 laparoscopically assisted uncut R-Y gastrojejunostomy procedures [28] [29] [30] [31] in order to prevent development of R-Y stasis [32, 33] ; they reported only one problem with this uncut R-Y operation, which involved the frequent recanalization of the stapled occlusion of the afferent loop [34] [35] [36] . In the present study, we did not observe the development of postoperative R-Y stasis in any of the 105 patients. This is partly because we selected a Roux limb length of approximately 25-30 cm to permit a certain extent of expansion of the jejunum, as several studies reported that very long Roux limbs cause R-Y stasis.
In conclusion, in the present report, we have indicated a technical description as well as the usefulness of b-shaped intracorporeal R-Y reconstruction after TLDG and provided the short-term outcomes of the initial 105 patients who underwent this procedure. In a further study, we will assess the long-term postoperative results of b reconstruction.
